17 18 19 Running title: Sleep and nocturnal heart rate variability individual profiles in elite female 20 soccer. 21 22 Keywords: overnight measurements, parasympathetic system, sleep accelerometer, 23 recovery, women football 24 2 25 Abstract 26 Purpose: This study provides insights into the individual sleep patterns and 27 nocturnal cardiac autonomic activity responses of elite female soccer players during an 28 international tournament. Materials and methods: Twenty elite female soccer players 29 (aged 25.2±3.1 years) wore wrist actigraph units and heart rate (HR) monitors during 30 night-sleep throughout 9 consecutive days (6 day-time training sessions [DT], 2 day-time 31 matches [DM], and 1 evening-time match [EM]) of an international tournament. Training 32 and match loads were monitored using the session-rating of perceived exertion (s-RPE) 33 and wearable 18-Hz GPS (total distance covered [TD], training and match exposure time, 34 and high-speed running [HSR]) to characterize training and match loads. Results: 35 Individually, s-RPE, TD, exposure time, and HSR during training sessions ranged from 36 20 to 680 arbitrary units (AU), 892 to 5176 m, 20 to 76 min, and 80 to 1140 m, 37 respectively. During matches, s-RPE, TD, exposure time, and HSR ranged from 149 to 38 876 AU, 2236 to 11210 m, 20 to 98 min, and 629 to 3213 m, respectively. Individually, 39 players slept less than recommended (<7 hours) on several days of the tournament, 40 especially after EM (n=8; TST ranging between 6:00-6:54 h). Total sleep time coefficient 41 of variation (CV) ranged between 3.1 and 18.7%. However, all players presented good 42 sleep quality (i.e., sleep efficiency 75%; individual range between: 75-98%) on each 43 day of the tournament. Most of the players presented small fluctuations in nocturnal 44 cardiac autonomic activity (individual nocturnal heart rate variability [HRV] ranged from 45 3.91-5.37 ms and HRV CV ranged from 2.8-9.0%), while two players presented higher 46 HRV CV (11.5 and 11.7%; respectively). Conclusion: Overall, elite female soccer 47 players seemed to be highly resilient to training and match schedules and loads during a 48 9 day international tournament. 3 49 Introduction 50 Paragraph 1. Elite soccer players are constantly exposed to multiple high 51 physiological demands due to an elevated number of training sessions and matches played 52 in National and international competitions, often with congested match calendars [1]. In 53 some women's competitive tournaments, only one to two days of recovery are given 54 between matches [2]. In this scenario, optimizing recovery is required to reduce the risk 55 of transitioning into a state of excessive fatigue as well as to reduce the risk of injury [3]. 56 Paragraph 2. One of the most critical aspects of the recovery continuum for 57 elite athletes is obtaining a sufficient quantity and quality of sleep [4]. In fact, athletes 58 and coaches from several sports including soccer have ranked sleep as the most important 59 recovery strategy [5]. A minimum of 7-9 hours of total sleep time (TST) per night is 60 generally recommended to promote optimal health and cognitive function among adults 61 aged 18 to 60 years old [6]. Although there is no general consensus regarding the amount 62 of sleep an elite athlete should obtain to maintain optimal performance [7], athletes who 63 obtain less than 7 hours of sleep per night might have an increased likelihood of injury 64 [4, 8]. In fact, some studies have found sleep durations of less than 7 hours in elite athletes, 65 especially in soccer teams. Sargent et al. [7], for example, found that athletes (from 66 individual and team sports) obtained an average of 6.5 hours sleep per night, ranging from 67 5 to 8 hours. Lastella et al. [9] confirmed these results, finding that average sleep duration 68 for elite athletes (including elite soccer players) was 6.8 hours, ranging from 5.5 hours to 69 8 hours. Based on these results, it seems that athletes are probably not getting sufficient 70 sleep. Therefore, and importantly, athletes that might be sleeping for less than 7 hours 71 [10, 11] may require an extension of sleep time. In fact, extended TST (commonly used 72 as sleep quantity index [4]) can lead to better psychomotor accomplishment and technical 73 accuracy [12], with likely positive effects on competitive performance [13]. Besides sleep 4 74 quantity analyses, sleep efficiency (SE) is recommended for monitoring sleep patterns as 75 a sleep quality variable [4, 14], especially in elite athletes [15]. According to the National 76 Sleep Foundation report [16], SE ≥85% is generally recommended as an appropriate 77 indicator of good sleep quality, whereas a sleep efficiency ≤74% indicates inappropriate 78 sleep quality for young adults/adults. As already mentioned, athletes are often unable to 79 achieve ≥7 hours of TST and ≥85% SE during training and competition [4]. However, 80 these results are especially concerning when interpreted as group mean, suggesting that 81 athletes may achieve these recommendations, where and more likely are included 82 individuals and/or nights that do not achieved [4]. 83 Paragraph 3. Due to a variety of essential immunological and metabolic 84 processes which occur during sleep, it seems that a conceptual relationship exists between 85 the quantity and quality of sleep and the capacity of athletes to recover and perform [17]. 86 However, the majority of research available examining the sleep of athletes, especially in 87 women, has typically averaged data across several nights, providing a mean estimate of 88 usual sleep [7, 9, 18-20]. While such an approach is useful to provide basic insight into 89 sleep in athletes, it lacks details of how sleep may vary across multiple nights [21]. 90 Moreover, individual variability can reflect differences within individuals over time [22], 91 with high intra-individual sleep variability indicating the need for individualized sleep 92 education strategies and interventions to promote appropriate sleep [21]. Additionally, 93 the coefficient of variation (CV) of sleep parameters (e.g. TST CV ), classified as a measure 94 of intra-individual sleep variability [23], has been calculated to measure nocturnal sleep 95 variability [24]. In this respect, it may be important to include the presentation of sleep 96 data by encompassing individual responses, in addition to general group means [21]. In 97 addition, special attention should be given to the sleep behavior of elite athletes (e.g., 5 98 TST CV ) during international tournaments (a period of highly congested fixtures) since 99 sleep deficits can impair performance [25]. 100 Paragraph 4. Although sleep is considered a restorative behavior, heart rate 101 HR variability (HRV) has become one of the most practical and popular methods to 102 monitor positive and negative training adaptations in athletes [26]. Recently, there has 103 been growing interest in the use of HRV measurements during sleep to evaluate exercise-104 induced disturbances in allostatic load (i.e., adaptive processes that maintain homeostasis 105 through the production of mediators such as adrenalin, cortisol, and other chemical 106 messengers) [27], and recovery from daily training and other sources of stress [19, 20, 107 28]. In fact, it is currently accepted that overnight sleep measurements over consecutive 108 days are appropriate for tracking the recovery of HRV following high-intensity exercise 109 [29]. However, standardized training programs within team sport settings have often 110 produced sparse adaptive results, with high responders and low responders often getting 111 lost in averaged data reports [30]. As a consequence, an increased desire for training 112 individualization in team sport settings has given rise to a variety of athlete-monitoring 113 strategies, enabling coaches to better manage fatigue and manipulate training prescription 114 on an individual basis [31]. 115 Paragraph 5. Vagal indices of HRV, such as the logarithm of the root mean 116 square of successive R-R interval differences (lnRMSSD), reflecting cardiac 117 parasympathetic modulation, are sensitive to fatigue and have been useful in evaluating 118 individual training adaptation in soccer players [32, 33]. Furthermore, the weekly (4-7 119 days) CV of lnRMSSD (lnRMSSD CV ) may provide valuable information concerning 120 training-induced perturbations in homeostasis, i.e., can reflect the day-to-day variations 121 in cardiac parasympathetic activity [32, 34, 35]. In general, athletes with a lower 122 lnRMSSD CV are more aerobically fit and seem to cope better with training and match 6 123 loads [36-38]. Thus, athletes with high TST and SE and lnRMSSD are expected to 124 experience less perturbation in sleep patterns [23] and cardiac autonomic activity [26].
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15 333 430 Importantly, seven out of eight players who played the EM also presented shorter TST 431 on the night after EM (start 7 PM) compared with the previous night (DT). As already 432 mentioned, these results are in accordance with a recent study [4] in elite athletes that 433 showed nocturnal TST was shorter on the night after the match (start ≥6 PM) compared 434 with the previous night (training and match or rest day).
435
Paragraph 28. Besides the training schedule, another possible explanation 436 for the sleep results could be the training and match loads that players were exposed to 437 during the tournament, especially during matches [4] . In fact, on days DM 2 and EM, more 438 players that participated during the match slept less than recommended, with both days 439 presenting the highest values of external load (e.g., HSR) and exposure time during the 440 tournament. Interestingly, no sleep disturbances were found for any players that played 441 DM 1 . Nonetheless, despite the external training and match loads that players were 442 exposed to, each player seemed to present good sleep quality across all days of the 443 tournament. These results could also be supported by the appropriate values of sleep 444 latency observed for all players during the tournament. Additionally, in the current study,
